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Number of 
consecutive days 

mean daily 
discharge 

exceeded 31,500 
cubic feet per 

second 1 Dates 

Instantaneous 
peak, in cubic 
feet per second purpose 

Number of 
consectuive 
days mean 

daily discharge 
exceeded 

31,500 cubic 
feet per second 

1 Dates 

Instantaneous 
peak, in cubic 

feet per second purpose 

1965 34 
May 21 - 
June 25 60,200 

reservoir 
equalization 
and channel 

cleaning 7 
May 4 - May 

11 

reservoir 
equalization 
and channel 

cleaning 

1980 6 
June 24 - 

July 1 44,800 spillway test 

1983 68 
June 3-

August 10 97,300 excess runoff 

1984 76 
May 5 - 
July 20 excess runoff 3 

August 
12-15 58,200 spillway test 

1985 39 
May 17 - 
June 28 47,900 excess runoff 

1986 46 
May 8 - 
June 24 53,200 excess runoff 

1996 8 
March 26 - 

April 2 45,900 
high-flow 

experiment 

2004 3 
November 

22 - 24 42,500 
high-flow 

experiment 

2008 3 March 6 - 8 42,800 
high-flow 

experiment 
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Figure 1.  Comparison of the flood hydrographs of the 1996, 2004, and 2008 CFEs at the USGS 

Colorado River at Lees Ferry, Arizona gaging station (station number 09380000).  These hydrographs 

were shifted in time such that zero time (indicated by vertical green line) is the beginning of high, 

steady discharge (Q) during each CFE.  The Lees Ferry gaging station is located approximately 16 

river miles downstream from Glen Canyon Dam (see fig. 3 below).  

 

frequency analyses for the pre-dam Colorado River in Topping and others (2003).  Flows of 42,000 

to 45,000 ft
3
/s were only equaled or exceeded 10.1 to 11.2 percent of the time in the natural pre- 

dam Colorado River at Lees Ferry, Arizona, near the upstream boundary of GCNP (computed from 

the data for fig. 22A in Topping and others, 2003).  Prior to construction and operation of Glen 

Canyon Dam, floods with peak discharges of 42,000 to 45,000 ft
3
/s had a recurrence interval of 1.1 

to 1.2 years on the annual flood series and 0.9 years on the partial-duration flood series (fig. 2).  

Furthermore, the peak discharges of the 1996, 2004, and 2008 CFEs were substantially higher than 

the peak discharges of six
1
 of the 42 annual snowmelt floods between 1921 and 1962, and only 

slightly lower in peak magnitude than two
2
 more these 42 floods.  During the post-dam period of 

1963-2000, the recurrence interval associated with floods with peak discharges of 42,000 to 45,000 

ft
3
/s increased dramatically to about 3 years in the partial-duration series (fig. 37 in Topping and 

others, 2003).  This post-dam recurrence interval is somewhat misleading, however, as most of the 

post-dam floods in this discharge range occurred in April-June 1965 during the pulsed dam releases 

informally referred to as "channel-cleaning flows" by engineers (fig. 2C in Grams and others, 

2007).         

Given the different tributary sand supplies and dam releases antecedent to the 1996, 2004, 

and 2008 CFEs, these three experiments were probably conducted under very different sand-supply 

conditions, and these different sand-supply conditions likely controlled the resultant eddy-sandbar 

responses during these CFEs.  Schmidt and others (1993) showed in flume experiments that the 

deposition rate in an eddy sandbar during a flood directly depends on suspended-sand 

concentration.  However, as shown below, the relation between the antecedent upstream sand 

supply to a reach in a controlled flood and the concentration of suspended sand in a reach during a 

controlled flood is not straightforward, owing to the physics coupling bed-sand area and bed-sand 

grain size to suspended-sand concentration.  Designing future controlled floods thus requires 

understanding how the different responses of eddy sandbars observed during these three CFEs were  

                                                             
1
 These six floods were the annual snowmelt floods with peak discharges at Lees Ferry, Arizona, of 25,500 ft

3
/s in 

1934, 34,300 ft
3
/s in 1954, 34,600 ft

3
/s in 1931, 35,600 ft

3
/s in 1955, 38,900 ft

3
/s in 1959, and 40,200 ft

3
/s in 1961.   

2
 These two floods were the annual snowmelt floods with peak discharges at Lees Ferry, Arizona, of 46,800 ft

3
/s in 

1960 and 47,300 ft
3
/s in 1940. 
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Paria River tributaries 
Upper Marble 
Canyon ! S RM 30 transport tributaries 

Lower Marble Canyon 
! S RM 61 transport 

1996 (3.2 yrs) > 0.38 

2004 (4.5 mths) 0.617 0.062 0.275-0.491 0.296 0.044 0.066-0.162 0.226 

2008 (3.5 yrs) 3.35 0.335 0.567-1.823 2.49 0.096 0.259-0.811 2.051 

! S per kilometer" ! S per kilometer"

2004 0.0059-0.011 0.0013-0.0032 

2008 0.012-0.039 0.0052-0.016 

RM 61 transport Little Colorado River tributaries Eastern Grand Canyon ! S RM 87 transport tributaries 
Middle and Western Grand 

Canyon ! S RM 225 transport 

> 4.2 

0.226 0.18 0.037 
between -0.062 and 

0.034 0.481 0.102 0.06-0.252 0.427 

2.051 3.021 0.081 0.174-1.498 4.317 0.372 0.522-1.312 3.586 

! S per kilometer" ! S per kilometer"

between -0.0015 and 
0.00081 0.00027-0.0011 

0.0042-0.036 0.0024-0.0059 
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antecedent bar conditions Upper Marble Canyon  Lower Marble Canyon  Eastern Grand Canyon 

1996 smaller (<8k); smaller (total) bigger (>8k) 

2004 
smaller (>8k); middle (<8k); 
middle (total) smaller (total) 

smaller (>8k); smaller (<8k); 
smaller (total) 

2008 
bigger (>8k); bigger (<8k); 
bigger (total) bigger (total) bigger (<8k); bigger (total) 
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'+KO&9i@9;=&3=&ST&P$a&
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(NAU Geology, written comun.)!

F-0)U=92<h&F32)9U/@3,9&;92/;9@CE9&-0&/304&A32&

@*30)9/&
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Grapevine, RM 81.76L, Downstream View: 
1976-1985-1989-2008 comparison&

F3=9&3q920--0O&^:):/=&$O&#H$!&ct43(,6&<930&

HO%%%&qG"/&d&

#G%%&^:):/=&$O&#HPN&ct7#OG%%&qG"/d&

%HLN&^;2(,&!O&7%%P&ct#%OL%%&qG"/d&
#!LN&u30:326&7LO&#HPH&ct#GO!%%&qG"/d&

%HLN&^;2(,&!O&7%%P&ct#%OL%%&qG"/d&

Grapevine, RM 81.76L, Downstream View: 
1976, 1985, 1989 sand levels shown in 2008 photo&



!"#$"#%&

#!&

#H&T(,9&5306-0&ST&#HhL#F`&&

#H$GU#HPNU7%%P&@-<;32(/-0&
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